Abstract: Juncea meal (JM) has higher crude protein and energy and less fibre compared with canola meal (CM) potentially making it more suited for inclusion in laying hen diets. The objective of this study was to compare the inclusion of JM to CM and soybean meal (SBM) in diets of white-shell egg laying hens on production performance and egg quality characteristics. Ten diets were fed to 360 Lohmann LSL-Lite laying hens over four feeding phases during the 48 wk trial. Diets consisted of a SBM control, 10% or 20% CM (CM-10 or CM-20), and 10% or 20% JM (JM-10 or JM-20) with or without a phytase and multicarbohydrase enzyme cocktail. Juncea meal-20 (JM-20) reduced body weight (P > 0.05) compared with SBM by 122 g hen −1 but was not different from CM. Feed consumption, egg production, feed efficiency, and mortality were unaffected by meal or enzyme inclusion (P > 0.05). Feeding CM or JM did not result in any commercially important changes to egg quality, and enzyme inclusion had no effect. Up to 20% CM and JM could be included in laying hen diets without detrimental effects on production performance and egg quality characteristics. Enzyme inclusion did not improve performance of meal types.
Introduction
Poultry diets in Canada typically consist of corn, wheat, soybean meal (SBM), and (or) canola meal (CM), depending on the price and availability of feed ingredients. With increasing corn and soybean prices, producers look for an economical alternative source of energy and protein for their livestock. Inclusion of CM often increases when corn or SBM becomes less available or more expensive because it is a good source of both energy and protein [nitrogen-corrected metabolizable energy (ME N ) = 2000 kcal kg −1 , CP = 38% as fed, National
Research Council (NRC) 1994]. Juncea (Brassica juncea) is a type of mustard commonly grown in western Canada (Newkirk et al. 1997) for the production of condiment mustard (Potts et al. 1999) . Compared with Brassica napus CM, juncea meal (JM) had a similar ether extract content but higher protein and nitrogen-corrected apparent metabolizable energy (AME N ) (Newkirk et al. 1997) , potentially making it a better candidate for inclusion in poultry diets than CM. Juncea and canola contain antinutritional factors including erucic acid (Tangtaweewipat et al. 2004) , glucosinolates (GLS), fibre (Newkirk et al. 1997) , and phytate. Glucosinolates are responsible for bitterness and reduced palatability (Mithen 1992) . Fibre (from seed hulls) and phytate reduce nutrient availability to the animal (Choct 2002; Newkirk 2009 ). Previous studies feeding CM to laying hens have demonstrated reduced feed consumption (Summers et al. 1987) , egg production, and feed efficiency (Marangos et al. 1974) as well as reduced egg quality factors including egg weight (March et al. 1972; Marangos and Hill 1976; Leeson et al. 1978; Summers et al. 1985; Summers et al. 1987) , albumen height (Thomas et al. 1978; Hulan and Proudfoot 1980) , and specific gravity (Hulan and Proudfoot 1980) . Limited research has been completed with mustard meals, but reductions in feed consumption, body weight (Cheva-Isarakul et al. 2001) , feed efficiency (Marangos et al. 1974) , and egg weight (Cheva-Isarakul et al. 2001 ) have been reported.
Juncea meal can be recognized as canola quality if it meets the definition set out in the Feeds Regulations (1983) of less than 2% erucic acid in the oil and less than 30 μmol g −1 of GLS in the air-dried, oil-free meal. New varieties of juncea (Smit et al. 2014 ) contain approximately 11 μmol g −1 of GLS in the seed, whereas canola (Newkirk et al. 2003) contains approximately 11 μmol g −1 of GLS in nontoasted meal. With the removal of the oil from the seed, the concentration of GLS in JM should be higher than that of CM but should still fall within the definition of canola quality. The Canola Council of Canada (CCC) (2015) recommends a maximum dietary inclusion level of 20% CM for egg-laying hens. Canola-quality JM has been evaluated in broiler chicken diets (Newkirk et al. 1997 ) but has not been evaluated for use in laying hen diets, and no maximum inclusion level recommendations exist (CCC 2015) . Including a multicarbohydrase (Choct 2002) or phytase (Ravindran et al. 1999) , enzyme in poultry diets can reduce the antinutritional effects attributed to fibre and phytate, respectively. Therefore, the objective of this study was to compare modern, low glucosinolate JM to CM and SBM, combined with currently available phytase and multicarbohydrase enzymes, to determine a maximum inclusion level of JM in diets of white-shell egg-laying hens. It is hypothesized that hens fed JM will perform at a similar level to those fed CM and that the inclusion of enzymes will improve the performance of all hens, regardless of the meal fed.
Materials and Methods

Experimental design and diets
A 5 × 2 factorial experiment was conducted in a completely randomized design with meal [SBM control, , and 10% or 20% JM (JM-10 or JM-20)], and supplemental enzymes (either present or absent) as main factors. One of the 10 dietary treatments was randomly assigned to each cage, giving six replications per treatment combination. The experimental diets were formulated to be isoenergetic and isonitrogenous with corn, SBM, and poultry fat as major ingredients that were allowed to fluctuate when JM or CM was added to the diet. All diets were formulated to meet laying hen nutrient allowances recommended by the breeding company (Lohmann Tierzucht 2007) for each phase of the hen's laying cycle represented in the duration of the study. These breeding company allowances met or exceeded the NRC (1994) nutrient requirements. The feeding period encompassed four phases with diet changes at 42, 50, and 62 wk of age. Protein requirements decreased as the hens aged, while calcium requirements increased to meet the increasing calcium need of the laying hen. Diets for both phase 1 (Table 1) and phase 2 (Table 2) were formulated based on a feed consumption of 105 g hen −1 d −1 . Diets for both phase 3 (Table 3 ) and phase 4 (Table 4) were based on a feed consumption of 110 g hen
. Enzyme was added as a top dress for phase 1 diets but was included as part of the ration formulation for phases 2 through 4. For diets which included enzyme (phases 2 through 4), calculated levels of phosphorus were reduced to allow for phosphorus that would be released with the breakdown of phytate. The enzyme cocktail was a combination of the commercially available enzymes: Bio-Phytase and Superzyme-OM™ (Canadian Bio-Systems Inc., Calgary, AB, Canada).
The juncea and canola were grown in western Canada and were provided by the Canola Council of Canada. The seeds were processed into meal by Bunge Canada (Altona, MB), and the meals were analyzed for nutrient and glucosinolate content (Table 5) . Glucosinolates were measured at POS Biosystems (Saskatoon, SK) using the method of the Canadian Grain Commission grain research laboratory (Duan and McGregor 1981) . In brief, the method used gas chromatography to measure trimethylsilyl derivatives of hydrolyzed glucosinolates and measured alphatic, indolyl, and total glucosinolates.
Birds and housing
Three hundred and sixty Lohmann LSL-Lite White laying hens, 30 wk of age at the commencement of trial, were randomly assigned to 60 cages (six hens per cage). The cages (480 cm 2 per hen) were located in the two middle tiers (40 cages), and the bottom tier (20 cages) on the back of a double-sided three-tier battery cage system. Hens had ad libitum access to feed from feed troughs placed in front of the cages and received water ad libitum from nipple drinkers. The hens were provided with 15 h of light per day at an intensity of 10 lux and were housed in an environmentally controlled room maintained at 22-24°C. All mortalities during the course of the experiment were necropsied by a veterinary pathologist. All birds were managed in accordance with the Dalhousie Agricultural Campus Animal Care and Use Committee guidelines which follow the Canadian Council on Animal Care (CCAC) (2009).
Production performance
All data for production performance parameters were compiled by feeding phase. Feed was weighed into the cage daily (as needed), and feeders were weighed back every 4 wk. Feed consumption for each phase was calculated by averaging the consumption of each 4 wk period contained within that phase. The number of eggs laid was recorded daily, and hen-day egg production was calculated for each phase. Feed efficiency was calculated using the feed consumption and egg mass for each phase. Egg mass was calculated using the average egg weight measured at the end of each phase as a component of egg quality, described below. Body weights were measured initially and at the end of each phase by weighing all hens in a cage and determining the average for the cage. At the end of the 48 wk feeding trial, two hens per cage were euthanized by cervical dislocation. Abdominal fat pads were removed and weighed.
Egg quality
Four eggs from each cage were collected at the start of the trial and at the end of each feeding phase for egg quality measurements. Measurements included individual egg weights, specific gravity by flotation in a graded series of saline solutions [ranging from 1.070 to 1.106 g cm −3 in Note: SBM, soybean meal; CM-10, 10% canola meal; CM-20, 20% canola meal; JM-10, 10% juncea meal; JM-20, 20% juncea meal. a Supplied per kilogram of diet: vitamin A (retinyl acetate), 8000 IU; vitamin D 3 (cholecalciferol), 2500 IU; vitamin E (DL-α-tocopheryl acetate), 20 IU; vitamin K (menadione sodium bisulphite), 2.97 mg; riboflavin, 7.6 mg; pantothenic acid (DL-Ca-pantothenate), 7.2 mg; vitamin B 12 (cyanocobalamin), 0.12 mg; niacin, 31 mg; folic acid, 0.66 mg; choline (choline chloride), 556 mg; biotin, 0.16 mg; pyridoxine (pyridoxine HCl), 4 mg; thiamine (thiamin mononitrite), 1.94 mg; manganese (manganous oxide), 54 mg; zinc (zinc oxide), 64 mg; copper (copper sulphate), 10 mg; selenium (sodium selenite), 0.15 mg; ethoxyquin, 50 mg; wheat middlings, 2189 mg; ground limestone (38% calcium), 1900 mg. Methionine premix composed of 50% wheat middlings and 50% DL-methionine. increments of 0.004 g cm −3 (Hamilton 1982) ], egg breaking strength using a TA.XTplus texture analyzer (Texture Technologies Corp., Scarsdale, NY, USA), albumen height using TSS OCD™ albumen height gauge (Technical Services and Supplies, Chessingham Park, Dunnington, York, England), yolk weight, and shell weight. Percent yolk and shell, and by subtraction, percent albumen were calculated. Initial and phase 1 albumen height measurements were not included in statistical analysis because these eggs were stored 4 wk longer than those from the rest of the trial, which is known to change albumen height (Scott and Silversides 2000) .
Statistical analysis
Production performance data and fat pad weights were subjected to the Proc Mixed procedure of the Statistical Analysis Systems, Inc. (Littell et al. 1996) using software version 9.3 (SAS Institute, Inc., Cary, NC, USA) with dietary treatment and supplemental enzyme as the main effects. The following model was employed for statistical analysis of data at a given time point:
where Y ij is the variable of interest; μ is the overall mean; τ i is the effect of the ith diet (i = 1-5); γ j is the effect of the jth level of enzyme (j = 1-2); τγ ij is the effect of the interaction between diet and level of enzyme; and ϵ ij is the random effect of error.
For repeated measures analysis, the repeated statement in Proc Mixed was used, adding the factor of time, δ k (with production phase as the measure of time, k = 1-4) and all resulting interaction levels with the main effect to the above model. The following model was employed for repeated measures analysis:
Covariance structures were used to analyze the repeated measures data. Several covariance structures were evaluated for each variable using Akaike's information criterion (AIC, a goodness of fit criterion) and Note: SBM, soybean meal; CM-10, 10% canola meal; CM-20, 20% canola meal; JM-10, 10% juncea meal; JM-20, 20% juncea meal. a Supplied per kilogram of diet: vitamin A (retinyl acetate), 8000 IU; vitamin D 3 (cholecalciferol), 2500 IU; vitamin E (DL-α-tocopheryl acetate), 20 IU; vitamin K (menadione sodium bisulphite), 2.97 mg; riboflavin, 7.6 mg; pantothenic acid (DL-Capantothenate), 7.2 mg; vitamin B 12 (cyanocobalamin), 0.12 mg; niacin, 31 mg; folic acid, 0.66 mg; choline (choline chloride), 556 mg; biotin, 0.16 mg; pyridoxine (pyridoxine HCl), 4 mg; thiamine (thiamin mononitrite), 1.94 mg; manganese (manganous oxide), 54 mg; zinc (zinc oxide), 64 mg; copper (copper sulphate), 10 mg; selenium (sodium selenite), 0.15 mg; ethoxyquin, 50 mg; wheat middlings, 2189 mg; ground limestone (38% calcium), 1900 mg. first-order antedependence [ANTE(1)] was chosen because it produced the lowest absolute AIC value. Data were tested for normality and transformations were performed where necessary. If significant main effects or interactions were found (P ≤ 0.05) the Tukey-Kramer procedure was used to compare differences among the least-square means at α = 0.05 (Gbur et al. 2012) . The standard error of the mean (SEM) was reported with the mean.
Results
Feed analysis
Analyzed protein and phosphorus values of the diets were fairly consistent with calculated values in all phases (Tables 1-4) with differences ranging from 0% to 2.30% and 0% to 0.06%, respectively. Analyzed calcium values did vary from calculated calcium contents more often than protein and phosphorus values did (Tables 1-4) , with the maximum difference reached of 1.84%.
The CM and JM used to formulate the laying hen diets had similar levels of crude protein and amino acids, ash, calcium, and phosphorus but CM had greater levels crude fat and crude fibre (0.24% and 1.39%, respectively) than JM ( Table 5 ). The total GLS content was 4.42 μmol g −1 greater in JM than CM. Approximately 98% of the GLS found in JM were alphatic, with the majority consisting of 3-butenyl, while CM had approximately 83% alphatic GLS with the majority consisting of 2-OH-3-butenyl (Table 5 ).
Production performance
There was a significant interaction between meal and phase on body weight of laying hens (P ≤ 0.05; Table 6 ) where hens fed JM-20 gained 88 g hen −1 less than hens fed SBM over the four feeding phases. A significant interaction between enzyme inclusion and phase on body weight of laying hens (P ≤ 0.05; Table 6 ) showed that within each phase, enzyme inclusion did not significantly change body weight. Numerically, however, birds which did not receive the enzyme supplement gained 23 g hen −1 less than enzyme supplemented hens throughout the trial (Table 6 ). There were no statistically significant differences in feed consumption, hen-day egg production, egg weight, egg mass or feed efficiency (P > 0.05; Table 7 ) due to either meal or enzyme inclusion. Egg production decreased with phase, whereas egg weight increased, and egg mass and feed efficiency were not affected (P ≤ 0.05; Table 7 ). The size of the fat pad as percentage of body weight followed the same pattern as body weight and decreased by 1.05% in birds fed JM-20 compared with the control (P ≤ 0.05; Table 8 ). Juncea meal-fed birds did not differ (P > 0.05) from CM-fed birds. Enzyme inclusion significantly increased fat pad weight by 0.55% of body weight (P ≤ 0.05; Table 8 ).
Egg quality
There were significant interaction effects between meal and enzyme inclusion for both percentage of yolk and albumen (P ≤ 0.05, data not shown). These interactions indicated that JM-20-fed birds produced eggs with less yolk and more albumen (as a percentage of total egg weight) compared with the SBM-fed birds. However, the inclusion of the enzyme did not change On an air-dried, oil-free basis.
the yolk or albumen content of eggs produced by hens fed the same meal. For example, hens fed CM-20 without supplemental enzyme produced an egg which was 27.70% yolk. Including the enzyme resulted in an egg which was 27.73% yolk. This trend was observed for all meals used in this experiment. The main effects of meal and enzyme inclusion show these effects in a more simplified manner and are therefore presented in Table 9 . Compared with SBM, yolk weight decreased (P ≤ 0.05; Table 9 ) by 1.02%, 0.78%, or 1.40% of egg weight for CM-20, JM-10, or JM-20, respectively. Albumen (as a percentage of egg weight) increased by 1.09%, 0.86%, or 1.37% for CM-20, JM-10, or JM-20, respectively (P ≤ 0.05; Table 9 ). There was a significant interaction between meal and enzyme inclusion on albumen height (P ≤ 0.05; Table 9 ), but no differences could be determined among the least-squared means. There was no significant effect of meal or enzyme inclusion on shell percentage, specific gravity, or egg breaking strength (P > 0.05; Table 9 ). The effect of phase could be observed as a decrease in albumen height and shell quality parameters throughout the trial (P ≤ 0.05; Table 9 ).
Discussion
The analyzed protein, calcium, and phosphorus contents of the diets used in this study varied from the calculated values with the greatest variation in calcium (Tables 1-4) . Although some of the diets had analyzed calcium values which differed by as much as 1.84%, there were no negative effects on egg shell quality (Table 9) . Similarly, Keshavarz and Nakajima (1993) found that increasing the percentage of calcium in the diet by 2% (from 3.5 to 5.5) had no impact on egg shell quality as measured by specific gravity.
This study demonstrated that JM contains more total glucosinolates and less fibre than CM (Table 5) , which agrees with Newkirk et al. (1997) . Glucosinolates affect palatability (Mithen 1992 ) and therefore could be expected to reduce feed consumption and impact other production performance characteristics as was observed when 20% mustard meal was fed to laying hens (ChevaIsarakul et al. 2001) . Although this study did not report any significant differences in feed consumption, reductions in body weight (Table 6 ) and abdominal fat pad weight (Table 7) were noted for hens consuming JM-20. These reductions were also observed in the study by Cheva-Isarakul et al. (2001) . Bjerg et al. (1989) fed specific glucosinolates and the enzyme myrosinase (which converts glucosinolates to their more harmful breakdown products) to rats. When gluconapin (3-butenyl) was fed at 12.5 μmol g −1 , a trend (P > 0.05) toward a reduction in body weight was noted, but feed consumption was not affected (Bjerg et al. 1989 ). The JM used in the current study contained 10.72 μmol g −1 gluconapin (considerably Source of variation P value
Note: Values for main effects with different lowercased letters are significantly different at α ≤ 0.05. N = 6 replicates of four eggs each.
a Commercial enzymes Superzyme-OM™ (enzyme activity per gram product as stated by manufacturer: cellulase, 2800 U g −1 ; mannanase, 400 U g −1 ; galactanase, 50 U g −1 ; xylanase, 1000 U g −1 ; glucanase, 600 U g −1 ; amylase, 2500 U g −1 ; and protease, 200 U g −1 ) and Bio-Phytase (enzyme activity per gram product as stated by manufacturer: phytase 5000, U g −1 ). Enzymes supplied by Canadian Bio-Systems Inc., Calgary, AB, Canada. more than CM, Table 5 ). This may explain why JM-fed birds had a reduced body weight with no change in feed consumption, whereas CM-fed birds were unaffected. Although body weight was reduced with 20% JM compared with SBM (Table 6 ), this may not necessarily be detrimental to the hen because the 20% JM-fed hens exceeded the body weight recommendations of Lohmann Tierzucht (2007) by 52 g hen −1 at the end of the trial. Previous studies have evaluated the effect of including rapeseed meal (the precursor to CM), CM, and mustard meal in laying hen diets on production performance characteristics. Marangos et al. (1974) reported hens fed 12% B. napus produced more eggs than hens fed 12% B. juncea meal, but neither group was different from the control group. Egg weight was reduced when rapeseed meal (March et al. 1972; Marangos and Hill 1976; Leeson et al. 1978) or CM (Summers et al. 1985; Summers et al. 1987 ) was fed to laying hens at levels between 10% and 25% and when mustard meal was included in the diet at 20% (Cheva-Isarakul et al. 2001) . Similarly, mustard meal reduced FCR (Marangos et al. 1974 ) when included in laying hen diets at 10% and 12%, respectively. Egg production, egg weight, egg mass, and feed efficiency were not affected by meal or enzyme inclusion in this study (Table 7) . Hen-day egg production decreased with production phase (Table 7) to 87.79% which is higher than production values reported for hens at 62 (86.7%, Cheva-Isarakul et al. 2001) and 63 wk (82.7%, Jia et al. 2008 ) of age.
There was a 1.40% decrease in yolk weight (as a percentage of egg weight) in eggs produced by hens fed JM-20 compared with eggs from hens fed SBM (Table 9) . This decrease was observed in body weight (Table 6 ) and fat pad weight (Table 8) of laying hens fed JM-20 as well. Although this is not unexpected due to the close relationship among dietary fat, abdominal (storage) fat, and yolk fat (Sell et al. 1968 ), this decrease is more likely due to an incomplete removal of albumen from the yolk before weighing. An incomplete removal of albumen would also explain the corresponding increase in albumen weight of eggs produced by SBM-fed hens (Table 9 ) because albumen weight was determined by subtraction. It has been demonstrated that although it is possible to change the composition of the yolk (in terms of fatty acid ratios (Sell et al. 1968) , it is much harder to change the ratio of yolk to albumen when balanced diets are provided to the hens. Previous studies have evaluated the use of mustard meal in laying hen diets, but they did not investigate the effects of mustard meal on proportion of egg yolk or albumen (Marangos et al. 1974; Cheva-Isarakul et al. 2001) . However, the effect of CM on proportion of egg yolk or albumen has been evaluated. In one experiment, Summers et al. (1987) found that total replacement of SBM protein with CM protein did not affect percent yolk, but noted in a second experiment that percent yolk decreased with the addition of 10% CM. However, the diets were not formulated to be isocaloric (Summers et al. 1987) . Despite the fact that percent yolk and percent albumen values changed with the addition of CM or JM, all values are similar to those which describe a typical egg (27.5% yolk and 63.0% albumen, Kovacs-Nolan et al. 2005) suggesting that these changes are not commercially relevant to the table egg industry.
Albumen height, percent shell, specific gravity, and breaking strength were not affected by meal inclusion which disagrees with several studies where the inclusion of rapeseed meal reduced albumen height (Thomas et al. 1978; Hulan and Proudfoot 1980) and specific gravity (Hulan and Proudfoot 1980) when fed to laying hens at levels between 10% and 25%.
Enzyme supplementation did not significantly affect any production performance or egg quality characteristics in this study. This was unexpected as fibre (from seed hulls) can decrease the rate of passage of digesta through the intestinal tract and has been shown to cause thickening of the mucosa, reducing nutrient availability to the animal (Choct 2002) . Similarly, phytate binds phosphorus and forms complexes with other minerals and proteins, making them unavailable to laying hens (Newkirk 2009 ). Including enzymes which break down fibre and phytate should increase production performance. Han et al. (2010) found that including a multicarbohydrase enzyme in laying hen diets improved feed efficiency and Jalal and Scheideler (2001) improved feed efficiency by feeding phytase. However, these diets were reduced in energy and deficient in phosphorus, respectively. The diets used in the current study were reduced in phosphorus for phases 2-4 when enzymes were included but were not reduced in energy (Tables 1-4 ). This may have led to an increase in available energy beyond hen requirements, masking the potential benefits of the multicarbohydrase enzyme.
Egg weight increased (Table 7) , whereas albumen height and shell quality measurements decreased (Table 9) , with production phase in the current trial. This was expected as hens tend to lay fewer, yet larger eggs as time in production increases (Roland 1979) . The amount of shell deposited to the egg does not change over time, resulting in eggs with weaker shells compared with smaller eggs laid at the beginning of production (Roland 1979) . Decreased albumen height has ). Enzymes supplied by Canadian Bio-Systems Inc., Calgary, AB, Canada. previously been reported for later phases of production (Silversides and Scott 2001) .
Based on the results from this experiment, there are several avenues that could be explored in future research. Because both JM and CM can be fed up to 20%, the possibility of total replacement of SBM protein with CM or JM protein in corn-based diets could be evaluated. The use of JM in prelay and early lay (18-30 wk of age) diets for white-shell egg laying hens could also be examined to expand the time during the life of the hen when JM can be utilized. It might be beneficial to include an economic analysis, especially for Atlantic Canada where canola and juncea production are increasing and corn is becoming increasingly expensive. Finally, JM and CM should be evaluated with phytase and multicarbohydrase enzymes in diets with energy and phosphorus levels that have been reduced beyond the levels used in this trial.
Conclusion
The hypothesis that JM-fed hens will perform at a similar level to those fed CM was accepted. Although decreased body weight and percentage of yolk were reported, there was no evidence to suggest that including JM in diets from 30 to 78 wk of age would be detrimental to production performance or egg quality factors. The hypothesis that the inclusion of enzymes will improve the performance of all hens, regardless of the meal fed must be rejected. The inclusion of a combination of multicarbohydrase and phytase enzymes in the diet for white-shelled egg laying hens did not affect production performance or egg quality characteristics in this experiment. 
